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Abstract 
Henan Province is China's big province with large population, abundant resources, and promising economics. The 
total GDP was 1.9367 trillion Yuan in 2009, ranking in the fifth in China. In recent years, economic growth has 
accelerated in Henan Province, and the impact on the resource environment is also growing. But there is a deep 
contradiction between those two elements. This article analyzes from the Environmental Kuznets Curve, make a 
quantitative analysis on the economic growth in Henan Province impacted on the resource and environment. 
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1. Introduction 
In recent years, economic growth has accelerated in Henan Province. The total GDP has already 
reached to 1.9367 trillion Yuan, ranking at the fifth in China by 2009. However, there is a deep 
contradiction between economic growth and resources environment, and it is the degeneration of resources 
environment that becomes the prime contradiction. This article make a quantitative analysis of the 
economic growth in Henan Province impacted on the resource environment, from the perspective of 
industrial pollution emissions (i.e. industrial “three wastes”: industrial solid waste, industrial waste gas, 
industrial waste water emissions). 
2. The Basic Tool for Analysis—EKC 
In 1955, Simon Kuznets, the Nobel Economics Prize winner, found in his research on income disparity 
that income per capita disparities gradually decreased after increased as the economics increased. In terms 
of income disparities as the vertical axis in order to income per capita for the abscissa, then the curve was 
appeared as inverted “U”-shaped distribution. The reality of this relationship was confirmed by 
considerable statistics, which called “Kuznets Curve” (short from KC). In 1992, the American economist 
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Grossman and Krueger used it in the environmental economics research, which named as Environmental 
Kuznets Curve (EKC for short). Afterward, Panayiotou, who was from Harvard Institute for International 
Development, confirmed the Environmental Kuznets Curve, and listing environmental quality eigenvalue 
of low-income period, transition period and the high-income period. 
Environmental Kuznets Curve (Figure 1) indicates that negative correlation appears firstly between the 
quality of the environment and economic development (a dilemma interval). When economic development 
reaches a certain level (GDP per capita reaches a certain level), the economics and the quality of 
environment would be positive related (a win-win interval), which is a positive transition. In the 
“dilemma” interval where people are forced to earn economic benefits at the cost of sacrificing 
environmental quality, or improving environmental quality at the price of sacrificing economical benefits. 
In the “win-win” interval, the economic benefits of human and improved environmental quality can be 
obtained at the same time, thus achieve coordinated development of environment and the economy. 
3. Quantitative Analysis  
The Environmental Kuznets Curve expressed that emissions increase gradually in the initial stage 
because of the economic growth, while decrease at the eventually stage. Namely, income per capita stands 
for the vertical axis, and pollutant index represents the horizontal axis, which forms an inverted “U”-
shaped distribution, shorter from EKC. This article collects specific data of the GDP, GDP per capita and 
pollution emissions in Henan Province, from 1994 to 2009. If GDP per capita acts as the horizontal axis, 
and the total discharge of pollutants as the vertical axis to do a scatter, the polynomial regression based on 
the linear model in the Environmental Kuznets Curve should as follows: 
Y=β0+β1X+β2X2+β3X3                                                                                                                                                                                       (1) 
‘Y’ represents pollution index in Henan Province, ‘X’ represents GDP per capita in Henan Province, 
and β0, β1, β2, β3 are parameter of the model. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Environmental  Kuznets  Curve 
3.1 The Quantitative Analysis of the Output of Industrial Solid Waste  
According to scatter diagram, then use Eviews software and statistical data to carry on polynomial 
fitting, the curve tests proved that the R2 test, T test, F test and the DW test are all good, according to 
which we can  establish the regression equation. 
Y=1873.107+0.172584X+0.0000357X2-1.5（E-9）X3                                                                    (2)  
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Tβ0 = 8.39  Tβ1= 1.03  Tβ2 =1.06  Tβ3=-0.83 
R2=0.98  
2R =0.98 
1.44<D.W=1.72<2.56  
F=252.24>F0.01(4,11)=5.67 
dy/dx=0.172584+0.0000714X-4.74（E-9）X2  
d2y/dx2=0.0000714-9.48（E-9）X 
d3y/x3=-9.48（E-9）<0 
 
 
 
 
 
 
 
 
Figure 2 The Scatter of Industrial Solid Waste Output 
Table 3 The Regression Results of Environmental Kuznets Curve in Henan Province 
Parameter Industrial Solid Waste Output T Test Value
Constant Term 1873.107 8.394752 
GDP per capita 0.172584 1.031002 
(GDP per capita)2 3.57E-05 1.058936 
(GDP per capita)3 -1.58E-09 -0.834882 
R2 0.984390 
 0.980487 
F 252.2401 
D.W Test Value 1.722766 
1) The Preliminary Analysis of the Model 
Cubic polynomial regression curve shows the Environmental Kuznets Curve in Henan (EKC) is not 
fully complying with inverted “U”-shaped characteristic characteristic, but shows characteristics of multi-
peak volatility, with the increase of GDP per capita. While the industrial solid waste is still in the 
continuous rising stage, and has not reached an obvious peak yet, thus indicates that the various factors that 
effect the economical resource environment in Henan Province, to some extent, as well as the 
indeterminacy of environmental policy and implementation dynamics.  
2) Marginal Industrial Solid Waste Pollution and Comparative Analysis of the Year 
Marginal pollution means the changing in value of the pollution emission whenever the output value 
(defined as GDP output per capita) changes per unit. It reflects the economic growth impacts on the 
environment, which is an environmental index to measure the quality of economic growth. From the 
marginal pollution characteristics of EKC curve, the current marginal industrial solid waste of Henan 
Province tends to decrease in the cycle stage. Put the GDP output per capita in equation, the result is 
marginal amount of industrial solid waste return value in Henan over the years. Make time series and GDP 
per capita as the horizontal axis respectively, while the marginal industrial solid waste emission of Henan 
Province as the vertical axis, and then draw the curve. 
R2 
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Figure 4 The Marginal Industrial Solid Waste Output of Henan Province with GDP Per Capita as Horizontal Axis 
According to time series, throughout 15 years from Year 1993 to Year 2008, the marginal industrial 
solid waste emissions of Henan were between 0 and 1, the wave is small overall. But it presented the 
characteristics of three stages: in the first stage (Year 1994 –Year 1997), the marginal industrial solid waste 
pollution decreased smoothly, showed that with the economic development of Henan Province, the 
pollution emissions reduced while the GDP per capita increased. In the second stage (Year1998-Year2006), 
the marginal pollution kept on increasing, which indicated both the rapid economic development in Henan 
Province and the increasing of pollutants. It reached the extreme point in 2003, showing that the whenever 
GDP per capita increased per 1 Yuan, it would give rise to 0.44 million tons of additional industrial solid 
waste. In the third stage (Year 2007- Year 2009), the marginal pollution showed the decreasing trend, 
which indicated that Henan Province had paid attention to the emission of pollution, and the marginal 
industrial solid waste of Henan Province headed to the improvement stage. 
3.2 The Quantitative Analysis of Industrial Waste Gas Output and Emissions  
According to scatter diagram, then use EViews software and statistical data to carry on polynomial 
fitting, the test results of the curve proves that R2 test, adjusted coefficient of sample determination R2 Test, 
T test, F test and the DW test are all good, according to which we can establish the regression equation. 
YIndustrial Waste Gas=4469.987-0.527236X+ 0.000308X2 -1.56（E-8）X3                                             (3)  
Tβ0 = 5.36  Tβ1=-0.87  Tβ2 =2.56  Tβ3=-2.33 
R2=0.977  
2R =0.972 
D.W=1.32 
F=174.87>F0.01(4,11)=5.67 
dy/dx=-0.527236+0.000616X-3.12（E-8）X2  
d2y/dx2=0.000616-6.24（E-8）X 
d3y/x3=-6.24（E-8）<0 
Table 2 The Regression Results of Environmental Kuznets Curve of Henan Province 
Parameter Industrial Solid Waste Output T Test Value
Constant Term 4469.987 5.634640 
GDP per capita -0.527236 -0.886777 
(GDP per capita) 2 0.000308 2.581075 
(GDP per capita) 3 -1.56E-08 -2.333887 
R2 0.977638 
 0.972048 
F 174.8750 
D.W Test Value 1.325298 
R2 
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1)  The Preliminary Analysis of the Model 
The Environmental Kuznets Curve in Henan (EKC) is not fully comply with inverted “U”-shaped 
curve characteristic as well, generally, but in the continuous rising stage of the inverted “U”-shaped curve, 
and has not reached the peak yet. What’s more, the coefficients of the simple term and cubic term are 
negative, which indicates that as the GDP output per capita increased, the industrial waste gas had been 
improved in a short moment, but later deteriorated rapidly.  
2)  Marginal Industrial Waste Gas Pollution and Comparative Analysis of the Year 
According to the quantitative attribute of marginal industrial waste gas, the marginal emission of Henan 
Province is currently in the continuous rising stage of the wave period. According to time series, Henan 
marginal industrial emissions shows significant differ-ences in the two-stage feature. The first stage 
(Year199-4– Year1999): GDP per capita increased by 1 Yuan in Henan Province, whose amount of 
increased emissions was less than 100 million standard cubic meters. The maximum value was 0.806384 in 
1999, which received short-term improvement, however, the growth of GDP per capita and marginal 
increase in pollution remained positive correlation; the second stage (Year 2000 – Year 2009): GDP per 
capita in Henan Province increased  by 1 Yuan, the waste gas emissions increased from 0.806384 to 
2.50824 billion standard cubic meters. During the 10 years, the marginal pollution was increase rapidly, 
indicating the rapid economic growth at the expense of sacrificing environment. 
 
 
 
 
 
 
 
 
 
Figure 4 The Marginal Industrial Waste Gas Emission of Henan Province with GDP Per Capita as Horizontal Axis 
3.3 The Quantitative Analysis of Industrial Waste Water Emissions 
According to scatter diagram, then use statistical data to carry on polynomial fitting, the test results of 
the curve prove that R2 test, adjusted coefficient of sample determination R2 Test, T test, F test and the 
DW test are not very good. 
 
 
 
 
 
 
 
 
 
Figure 5 The scatter of Industrial Waste Water Emission 
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To amend and add dummy variables d, make the value of d in the abnormal year (Year 1995) as 0 (due 
to the establishment of “five small” in Henan Province 1997, small chemical plants and paper mills 
expanded disorderly, thus the value should be removed),and make the value of the rest years as 1.  
Y=β0+d+dβ1X+dβ2X2+dβ3X3.Use EViews software to operate, regression results are as follows: 
Table 3 Environmental Kuznets Curve Regression Results of Henan Province, Year 1993 to Year 2009 
Parameter Industrial Waste Water Emission T Test Value 
Constant Term 134836.9 13.85324 
GDP per capita -28.82859 -4.570669 
(GDP per capita)2 0.006688 4.722662 
(GDP per capita)3 -3.95E-07 -4.394858 
d -9469.919 -2.048106 
R2 0.870297 
0.818415 
F 16.77475 
D.W Test Value 1.847012 
Y Industrial Waste Water Emission=125366.981-28.82859d*X+0.006688d*X2-3.59E-07d*X3                          (4) 
Tβ0 = 13.85  Tβ1=-4.57  Tβ2 =4.72  Tβ3=-4.39 
R2=0.87  
2R =0.82 
1.44<D.W=1.84<2.56  does not exist autocorrelation 
F=16.77>F0.01(4,11)=5.67 
dy/dx=-28.82859+0.013378X-1.071（E-6）X2       
d2y/dx2=0.006688-1.071（E-6）X 
d3y/x3=-1.071（E-6）<0 
3)  The Preliminary Analysis of the Model 
Have d2y/dx2 equaled to zero, the solution of GDP output per capita correspond to exceeding point is 
6624 Yuan (Year 2002-Year 2003).  
According to general development trend, Environmental Kuznets Curve (EKC) of industrial waste 
water in Henan Province is fully comply with inverted “U”-shaped curve, reaching an extreme point. 
What’s more, the industrial water pollution is in a decreasing trend at present.  
4) Marginal Industrial Waste Water Pollution and Comparative Analysis of the Year 
Time series analysis: Henan marginal industrial waste water pollution presented three-stage 
characteristic. In the first stage (Year 1993-Year 1998), the second stage (Year 1999-Year 2006) and the 
third stage (Year 2007-Year 2009), its marginal pollution curve extreme points appear in 2003. In the first 
stage, the marginal waste water emission in Henan Province presented the upward trend, but rising slowly 
and is less than zero. It reached to extreme point until 2003, then decreased, showing significant inverted 
“U” shaped trend. 
4. Conclusion  
From the above analysis on “three wastes” industrial pollution in Henan Province shows that, with the 
growth of output GDP per capita, the inverted “U”-shaped trend is not yet clear, such as industrial solid 
waste and industrial waste gas emissions are still in a rising stage, only the industrial waste water emission 
R2 
816  Bo Gao / Procedia Environmental Sciences 11 (2011) 810 – 816
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
appeared as an inverted “U”-shaped curve characteristic. EKC curve shows the instability, which reflected 
as their scatter plots appear inverted “U”-shaped curve with raising wavy trend in the industrial “three 
wastes” scatters. According to The Planning Framework of Establishing a Comprehensive Well-off society 
in Henan Province, the request was as follows: By 2010, Henan Province's GDP will reach to 1.225 trillion 
Yuan, the provincial sulfur dioxide emission intensity will be controlled at 6.0 kg / million GDP; By 2020, 
the domestic GDP will reach to 2.68 trillion Yuan, the provincial sulfur dioxide emission intensity will be 
controlled at 2.5 kg/million GDP. Considering the cumulative causation effect, the limitation of carrying 
capacity in resources and environment, non-renewable resources, as well as lack of governance by the 
government that all exist in ecological and environmental problems, the future development of 
environmental and ecological protection of Henan will be even more difficult, therefore, the significance of 
the implementation of circular economy is much more important. 
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